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Statement of the problem:Statement of the problem:

MonolithicMonolithic SiCSiC mirror technology   mirror technology   
((αα--SiCSiC, , ββ--SiCSiC,, siliconized SiCsiliconized SiC) ) 
suffer from poor fracture toughness. suffer from poor fracture toughness. 
They exhibit intrinsic size limitation.They exhibit intrinsic size limitation.

Glass technology Glass technology –– highly brittle, highly brittle, 
lengthy manufacturing time.lengthy manufacturing time.
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Objective:Objective:

Demonstrate the use of Demonstrate the use of 
light weightlight weight SiCSiC--based based 
composite technology composite technology 
for large space optics for large space optics 
applicationsapplications
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Two ApplicationsTwo Applications

UV and EUV optics (GSFC)UV and EUV optics (GSFC)

Lidar Lidar and instrument and instrument 
applications (applications (LaRCLaRC))
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Uniqueness of the ApproachUniqueness of the Approach

Use of functional composites CUse of functional composites C--C, or C, or SiCSiC--C C 
to render lightweight structures (tailored to render lightweight structures (tailored 
for an application)for an application)

Use of foam and/or cladding to solve the Use of foam and/or cladding to solve the 
printprint--through CTE through CTE microcracking microcracking problem problem 
(tailored for an application).(tailored for an application).

Use of PVDUse of PVD--Si Si to enable robust optical to enable robust optical 
manufacturing (diamond turning)manufacturing (diamond turning)

Use of post polishing to attain desired Use of post polishing to attain desired 
microroughnessmicroroughness
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Schematic of Hybrid Composite/Foam Mirror (UV)Schematic of Hybrid Composite/Foam Mirror (UV)
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Functionality of DifferentFunctionality of Different
Mirror Constituents:Mirror Constituents:

Composite honeycomb Composite honeycomb –– very high stiffness, very high stiffness, 
designed for the first designed for the first eigeneigen frequency, frequency, 
highly nonhighly non--brittle, low density, CTE matched brittle, low density, CTE matched 
toto SiSi..

••Foam Foam –– tailored modulus eliminates thetailored modulus eliminates the
nanonano crazing (elastic modulus relief) and crazing (elastic modulus relief) and 
printprint--through.through.

••SiSi coating coating –– optical surface.optical surface.
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Mirror MaterialsMirror Materials
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SEM Image of High Thermal Conductivity SEM Image of High Thermal Conductivity 
Graphite FoamGraphite Foam
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Interferogram Interferogram at the Rib Sectionat the Rib Section

With Foam
Without Foam
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Risk Mitigation Strategy:Risk Mitigation Strategy:

4” mirrors used as “pathfinders”4” mirrors used as “pathfinders”

Established very good Established very good microroughnessmicroroughness at high frequency at high frequency 
(under 1(under 1 nm microroughnessnm microroughness at six different locations).at six different locations).

Development ofDevelopment of ultrafineultrafine polishing while maintaining the P/V.polishing while maintaining the P/V.

Established no “printEstablished no “print--through”.through”.

Establish diamond turning on theEstablish diamond turning on the SiSi coating, representativecoating, representative
of an 18” mirror.of an 18” mirror.

Establish the ability to figure the mirror in a costEstablish the ability to figure the mirror in a cost--effective fashioneffective fashion..
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(Risk Mitigation Strategy: (Risk Mitigation Strategy: 
cont’dcont’d))

18 inch mirror pathfinders:18 inch mirror pathfinders:

Establish adherent PVD Establish adherent PVD Si Si coatingcoating

Establish diamond turningEstablish diamond turning

Establish postEstablish post--polishingpolishing
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Power Spectrum Distribution ofPower Spectrum Distribution of SiSi CoatingCoating
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SmallSmall SiCSiC MirrorsMirrors
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Figure of 4” MirrorFigure of 4” Mirror



16

Rib SectionRib Section InterferogramInterferogram Showing No PrintShowing No Print--
through (through (100 100 nmnm P/V)P/V)
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DeliverablesDeliverables

GSFCGSFC
–– one 4”  1 one 4”  1 nm microroughnessnm microroughness
–– one 18” flat (6kg/m2)one 18” flat (6kg/m2)
–– one 18” concave (10 kg/mone 18” concave (10 kg/m22, 1 , 1 nm nm 

rmsrms))
LeRLeR
–– one 18” (solone 18” (sol--gel) 4 kg/mgel) 4 kg/m22

–– several composite membranes for several composite membranes for 
scanning mirrorsscanning mirrors


